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Abstract
Mycorrhiza develop on the surface of the roots and create complex networks of nutrients transport between 
the hosts. The present paper evaluates the modification of endomycorrhizal parameters in urban grasses due to 
the distance from the trunk of the trees. Grass samples were harvested from 3 parks. The objective is to identify 
the area of maximum development of the mycorrhizal network and the spatial stability of the symbiosis. A pattern 
of mycorrhizal mechanisms can be identified due to human intervention in the ecosystem. In ecosystems, the 
overhead distance between trees is dominated by grassy species capable of endomycorrhizal connections. Between 
fungi and plants, connecting nodes and nutrient transfer points appear. Frequency of mycorrhizas in grasses is 
over 90%. The intensity in root is below 30%, but supported by high arbuscularity. The impact of mycorrhizae is 
felt only at the time of intense colonization and the presence of arbuscules.
Keywords: biological mechanisms, anthropogenic pressure, native vegetation, networks of hyphae.
INTRODUCTION
In a growing world, urban areas capture vast 
and vast territories where man has established certain living conditions and interactions that he 
maintains through constant control and guidance, 
the struggle for biodiversity depends on how cities 
are effectively governed by the way cities are run 
and how the urban system is transformed into the 
integrity and restoration of the ecosystem (Tobias, 
2013). The different nature of the material 
substrate of the biotope, the varying climatic 
conditions and the variety of trophic categories 
in biocenosis determine the diversity of trophic 
categories in biocenosis, thereby determining a 
wide diversity of ecosystems. Also, the diversity 
of ecosystems is further amplified by the extent 
to which humans intervene in interacting with the 
ecosystem or in modifying the species structure 
or ecosystem biotope (Cristescu and Boyce, 2013; 
Western, 2011). Urban areas generate a mosaic of 
biotopes. These are the premises of biocenoses 
whose associated species have the most diverse 
ecological requirements; so it is possible that 
the number of species, as well as the number of 
individuals living in urban areas, is much higher 
than in the original ecosystems (McPhearson 
et al., 2018; Yamaguchi, 2005). Peri-urban is 
generally a territory where great biodiversity can 
be identified. Contrary to expectations, the city 
and urban areas can be the seat of a large variety 
of specific habitats (Gao, 2015, Hill et al., 2017). 
Urban biotope is the result of man’s modeling 
action on the physical environment, action in a 
long historical process for his own benefit. As in the 
case of natural ecosystems, in this case we can talk 
about the stationary factors of the urban biotope, 
but the elements of urban biotope can include 
factors induced by the human society (Dizdaroglu 
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et al., 2009). Grasses are recommended for green 
areas, parks, green gardens, or vertical walls 
(Norton et al., 2015; Weinmaster, 2009). Whether 
we are talking about small gardens or generous 
gardens, gramineae species are always an excellent 
choice. They have ornamental qualities, volume, a 
natural look and, last but not least, an interesting 
coloring (Welch, 2013). Beyond aesthetics, grass 
species are also appreciated for their resistance 
to climatic factors (Clouston, 2013). They can 
be planted without problems in any part of the 
country. Most species are adapted to the climate 
in Romania. It has a normal development even in 
areas with harsh climates. Like any plant, grass 
species love light, but are not dependent on water 
in large quantities.
Soil biodiversity is a major component of 
the biodiversity of natural or anthropogenic 
terres trial ecosystems (Ramirez et al., 2014). It 
integrates all organisms that live in the soil, from 
unicellular organisms to multicellular plants and 
animals, which can be classified using traditional 
or genetic taxonomic techniques. Soil biodiversity 
also includes enormous ecological diversity 
expressed through behavioral patterns, feeding 
habits and habitat preferences of soil organisms 
(Bardgett et al., 2005). The combination of these 
aspects is expressed by the ecological diversity 
of soil organisms. The biological interactions 
present in ecosystems influence in a positive or 
negative way the quality and quantity of green 
spaces. Of these, a very important place is the 
interaction between plants and microorganisms 
(López-Ráez et al., 2012; Schulz et al., 2013). A 
close positive interaction between some higher 
plants and some mushrooms in the root system 
forms micorrhizas. The role of mycorrhizas is to 
enhance the soil nutrient absorption processes 
and to increase plant resistance to drought, 
disease and pollution in cities (Oyewole et al., 
2017Siddiqui et al., 2008). Mycorrhizal symbionts 
favors the natural metabolism of plants, especially 
the easier absorption of nutrients with auxine 
roots (BassiriRad, 2005; Varma et al., 2018). It is 
believed that the roots exert a trophic-physical 
action on the fungus. Thus, mycorrhizal system 
is a symbiosis between superior plants and fungi, 
causing the formation of an area that plays a buffer role over the unfavorable concetrations of some 
ecological factors, increasing the tolerance of the 
species to the environmental factors.
The main hypothesis in the article is to 
identify the area of maximum development of the 
mycorrhizal network and the spatial stability of 
the symbiosis.
MATERIALS AND METHODS
Our study was focused on identification of 
mycorrhizal structures in the root and appreciation 
of mycorrhizal colonization in grasses naturally 
installed in flora present in parks. Samples were 
collected from three parks in the city of Cluj-
Napoca. The collection period is autumn-winter 
2017, in order to see the symbiotic level during 
vegetative rest periods. Root samples were taken 
at a distance of 5 m from the tree stem, to establish 
the potential for fungal link of their root systems 
with leguminous and to highlight the wood wide 
web connections. The main objective was to 
describe the structures of arbuscular mycorrhizas 
in the grass roots. Based on microscopy (Stoian 
et al., 2016) there were evaluated the frequency, 
intensity, arbuscularity and colonization degree as 
mycorrhizal parameters.
Data analysis was performed with Statsoft 
statistica, both for graphs and for ANOVA and 
correlations. Tri-plots were used for evaluation of 
multiple interactions between parameters.
RESULTS AND DISCUSSIONS
Urban ecosystems have a high degree of 
microbial diversity amid a low human input, unlike 
agroecosystems. The average of mycorrhizal 
fragments is 27.57, which represents 90% of the 
analyzed samples. An aspect that supports the idea 
that in a living environment where the anthropic 
footprint is reduced, vezicular arbuscular 
mycorrhizals proliferate (Tab. 1). Frequency of 
micoridal colonization in microbial systems in 
plant rhizospheres in the urban environment 
is high, with values above 91%. Values closely 
related to the number of fragments colonized by 
mycorrhizal fungi (27 samples out of a total of 30). 
Following microscopic analyzes, a low degree of 
root colonization intensity was observed, with an 
average of only 25.87% of the total root system. 
Values obtained can be explained by the affinity 
of mycorrhizal fungi for different plant species. 
Thus, the symbiosis relation is of a general nature, 
but the intensity of development develops a 
particular character among certain species. Due 
to the biological diversity at the location where 
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the samples were harvested, the values obtained 
represent this general character. This explains the 
less significant values of abundance of arbusculus 
in root system and degree of colonization. By 
statistical interpretation, the observed values 
of the index (p <0.05) did not show significant differences after harvesting at different distances 
from the tree trunk. The lack of statistical 
difference indicates a uniformity of the way the 
biological phenomenon develops. A remark that 
can be explained by the lack of influence of the 
tree on the interaction between the mice and the 
harvested plants. The way this influence develops 
requires further studies.
In the case of frequency and intesity, the 
obtained values exceed the statistically estimated 
distribution, with the indication that the frequency 
values present only 4 classes of values, while the 
intensity is divided into 6 classes of values (Fig. 1.). 
Statistical expression shows a higher relative 
value between the values of the intensity of the 
colonization phenomenon than the frequency 
values, thus explaining the possible influences of the various biotic or abiotic factors in the 
ecosystem on the intensity (Fig. 1.). The number 
of mycorrhizal fragments (nb myco), the degree 
of arbuscularity in the root fragments, and the 
intensity in the micorized fragments respect the normal distribution curve of the recorded 
values. The lack of significant anthropogenic 
interventions in the 3 locations where the samples 
were taken may explain the normal development 
of the biological phenomenon.
As a result, the relationship between the 
colonization intensity in the root system and the 
frequency of colonization was observed (Tab. 
2.). However, the two variables do not strongly 
influence each other, which is supported by the 
lower intensity values compared to the higher 
frequency values. The statistical correlation 
between the degree of colonization and the 
frequency of colonization is positive but lower. 
Unlike the much stronger relationship between 
the degree of colonization and the intensity of the 
phenomenon, or the percentage of bushes in the 
root system. The obtained values express a fairly 
normal situation in plant biology, because the 
more significant impact of the micorides is felt 
only at the time of more intense colonization and 
the presence of the bushes, the latter representing 
the chemical exchange interface between the 
fungus and the plant. The degree of arbuscularity 
in the root system is particularly influenced by the 
intensity of colonization, resulting in the assertion 
that a higher number of mycorrhizals leads to the 
formation of a larger number of arbuscules. 
The degree of colonization shows the 
highest values of 25-30% of arbuscularity in the 
root system. And most of the colonization rates 
were recorded at the results of the degree of 
arbuscularity of 1-15% (Fig. 2). The intensity 
of the micorization phenomenon shows most 
of the values at high frequency results. Due to 
Table. 1. Descriptive statistics of parameters
Average Minimum Maximum Std. dev. F p
nb myco 27,57 23,00 30,00 1,81 0,68 0,766
F% 91,89 76,66 100,00 6,04 0,68 0,766
M% 25,87 3,46 63,16 15,44 0,89 0,580
m% 27,98 3,85 65,34 16,30 0,89 0,581
a% 38,69 17,12 63,42 11,15 0,51 0,891
A% 10,51 0,66 28,51 7,38 0,75 0,698
Gc% 24,01 3,12 61,06 14,83 0,89 0,587Note: nb myco – number of mycorrhized fragments; F% - colonization frequency; M% - intensity of colonization in root; 
m% - intensity of colonization in mycorrhizaed fragments; A% - arbuscularity in root; a% - arbuscularity in mycorrhizaed 
fragments; Gc% - colonization degree
p<0.05 * / p<0.01 ** / p<0.001 ***
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Legend: nb myco – number of mycorrhized fragments; 
F% - colonization frequency; M% - intensity of colonization 
in root; m% - intensity of colonization in mycorrhizaed 
fragments; A% - arbuscularity in root; a% - arbuscularity in 
mycorrhizaed fragments; Gc% - colonization degree
a% 
Figure 1. Histogram of variable frequency
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the biological variability encountered in natural 
ecosystems, some of the intensity results do not 
follow the normal distribution of the results. 
Although the degree of arbuscularity in the 
root system is more strongly influenced by the 
intensity of the biological phenomenon than 
the frequency, as long as the intensity of the 
colonization is high, the degree of arbuscularity 
will be in turn high. Unlike the situations where, 
regardless of the frequency values the degree of 
arbuscularity is heavily affected (Fig. 3). A similar 
context has also been encountered in colonization, 
but in this case the degree of colonization is higher 
when both variables, intensity and frequency are 
higher than if only one of the parameters is higher.
The degree of colonization by arbuscularity 
in the fragments analyzed and the intensity of 
colonization in the root fragments is higher 
when both values are as positive as possible (Fig. 
3). A high degree of intensity is ensured by the 
high number of mycorrhizal hay present in the 
analyzed fragments, which due to the high number 
also influences the development of a significant 
number of bushes. Thus, the sharing of resources 
needed for development between the two partners 
increases significantly after the symbiosis. The 
graphical representation supports the normal 
and biological development of the biological 
phenomenon pursued in the experiment, because 
without the presence of high values of colonization 
intensity in root fragments and the frequency of 
colonization in fragments, the colonization itself is 
poorly developed. The calculated synthetic index 
provides an overview of biological phenomena 
Table. 1. Correlations of mycorrhizal parameters
Variable nb myco F% M% m% a% A% Gc%
nb myco 1,00* 0,27 0,16 0,42* 0,37* 0,36
F% 1,00* 0,27 0,16 0,42* 0,37* 0,36
M% 0,27 0,27 0,99* 0,30 0,94* 0,99*
m% 0,16 0,16 0,99* 0,26 0,92* 0,97*
a% 0,42* 0,42* 0,30 0,26 0,54* 0,33
A% 0,37* 0,37* 0,94* 0,92* 0,54* 0,95*Gc 0,36 0,36 0,99* 0,97* 0,33 0,95*
Legend: nb myco – number of mycorrhized fragments; F% - colonization frequency; M% - intensity of colonization in root; 
m% - intensity of colonization in mycorrhizaed fragments; A% - arbuscularity in root; a% - arbuscularity in mycorrhizaed fragments; Gc% 
- colonization degree
Note: marqued values (*) are significant at p<0.05
Interaction M% to F% Interaction Gc% to A% 
Note: F% - colonization frequency; M% - intensity of colonization in root;  A% - arbuscularity in root; Gc% - colonization degree
Figure 2. Dependence between mycorrhizal parameters
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present in the soil and is recommended to be taken 
as a benchmark in the assessment of microbial 
populations in urban ecosystems.
CONCLUSION
The degree of colonization is more strongly 
influenced by the intensity of colonization in the 
root system than the frequency. Due to lower 
anthropic implications in urban ecosystems, 
the development of the symbiosis relationship 
is normal. The values of arbuscularity in the 
root system are more strongly influenced by the 
intensity of colonization in the root system than 
by its frequency
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